T he spine is a common location for the development of primary and metastatic tumors. Metastatic spinal tumors (secondary malignancies) make up the majority of all spinal tumors. In fact, 31% of autopsies of patients who die of a malignant neoplasm harbor sites of spinal metastases. 29 Most often, metastatic spinal tumors affect the bony vertebral column and are infrequently found in the intradural space. Conversely, primary spinal tumors may be benign or malignant, are relatively rare, and have a more heterogeneous origin as they may arise from the osseous spinal column, intradural extramedullary compartments, or spinal cord. Both primary and metastatic spinal lesions can demonstrate a range of benign and locally aggressive behaviors. OBJectiVe Because the surgical strategies for primary and metastatic spinal tumors are different, the respective associated costs and morbidities associated with those treatments likely vary. This study compares the direct costs and 90-day readmission rates between the resection of extradural metastatic and primary spinal tumors. The factors associated with cost and readmission are identified. MethODS Adults (age 18 years or older) who underwent the resection of spinal tumors between 2008 and 2013 were included in the study. Patients with intradural tumors were excluded. The direct costs of index hospitalization and 90-day readmission hospitalization were evaluated. The direct costs were compared between patients who were treated surgically for primary and metastatic spinal tumors. The independent factors associated with costs and readmissions were identified using multivariate analysis. reSUltS A total of 181 patients with spinal tumors were included (63 primary and 118 metastatic tumors). Overall, the mean index hospital admission cost for the surgical management of spinal tumors was $52,083. There was no significant difference in the cost of hospitalization between primary ($55,801) and metastatic ($50,098) tumors (p = 0.426). The independent factors associated with higher cost were male sex (p = 0.032), preoperative inability to ambulate (p = 0.002), having more than 3 comorbidities (p = 0.037), undergoing corpectomy (p = 0.021), instrumentation greater than 7 levels (p < 0.001), combined anterior-posterior approach (p < 0.001), presence of a perioperative complication (p < 0.001), and longer hospital stay (p < 0.001). The perioperative complication rate was 21.0%. Of this cohort, 11.6% of patients were readmitted within 90 days, and the mean hospitalization cost of that readmission was $20,078. Readmission rates after surgical treatment for primary and metastatic tumors were similar (11.1% vs 11.9%, respectively) (p = 0.880). Prior hospital stay greater than 15 days (OR 6.62, p = 0.016) and diagnosis of lung metastasis (OR 52.99, p = 0.007) were independent predictors of readmission. cOnclUSiOnS Primary and metastatic spinal tumors are comparable with regard to the direct costs of the index surgical hospitalization and readmission rate within 90 days. The factors independently associated with costs are related to preoperative health status, type and complexity of surgery, and postoperative course.
The surgical indications, management, and goals of treating primary and metastatic tumors are different. Cure is the aim for primary tumors, while palliation to alleviate pain, restore or preserve neurological function, and stabilize the spine are the goals of metastatic tumor treatment. Therefore, surgical strategies are diverse and include simple decompression, local tumor debridement, complete tumor resection (via piecemeal or en bloc removal), and/ or spinal reconstruction, which may be accomplished via anterior and posterior approaches. 19 Although the surgical treatment of metastatic and primary tumors of the spine may be associated with significant morbidity, surgery for metastatic tumors has been proven to offer significant improvements in Karnofsky Performance Scale scores and overall survival. 23 Similarly, the outcomes of resection for primary spinal tumors are favorable. 28 Improvement of functional outcomes is ideally accompanied by cost-effective care. Cost analyses of numerous spinal surgical techniques for treating various pathologies permeate the spine literature, ranging from the management of degenerative disc disease to scoliosis deformity. [1] [2] [3] 7, 10, 11, 16, 21, [24] [25] [26] [27] 30, 31, 38, 39, 43 Elucidating the elements that affect the cost of spinal surgery can have significant implications for providing safe care in a cost-effective manner. There is a paucity of studies that directly evaluate the cost of surgery for spinal tumors. 9, 12, 34, 41, 44 Many of the past studies have focused on the health care costs associated with managing (medically and/or surgically) heterogeneous cohorts of patients with bony metastasis 8, 13, 14, 17 or evaluated the cost effectiveness of adjuvant radiotherapy for spinal metastasis. 15 In addition, among those studies there is a lack of details regarding the type of procedure performed or a dedicated analysis of the factors that affect cost. To the best of our knowledge, there are no studies comparing the costs between primary and metastatic spinal tumors. Therefore, in this study, we performed a detailed retrospective assessment of the index hospital costs associated with the surgical management of extradural primary and metastatic spinal tumors at a single institution. We compare the direct costs of primary and metastatic spinal tumors and identify the independent factors associated with cost. The independent risk factors for 90-day readmission are also examined.
Methods

Patients
The study cohort represents a consecutive series of adult patients (18 years or older) who underwent surgery for a spinal tumor between 2008 and 2013 at a single institution. The diagnosis of a spinal tumor was confirmed by histopathological analysis. Patients were excluded from the final analysis if they had an intradural tumor, underwent biopsy only, underwent kyphoplasty/vertebroplasty only, and/or did not have cost data available for analysis. The indications for surgery in the patients with either primary or metastatic spinal tumors were the presence of spinal cord or nerve compression with impending injury, presence of a neurological deficit, spinal instability due to bony destruction, growing radioresistant tumors, and/or intractable pain unresponsive to nonsurgical management.
In addition, for patients with metastatic tumors, patients were evaluated by the oncology team for advice regarding prognosis. Surgery was offered to patients with greater than 3 months of life expectancy.
Data
The primary outcome of interest was the direct cost associated with the index hospitalization. Cost data were obtained through the hospital's administrative records and represent the direct cost to the hospital for the patient's admission. These were based on 4 categories: surgical supplies (implants and other surgical supplies), services (including inpatient services such as physical/occupational therapy and intraoperative services such as operating room staffing fees, neuromonitoring, and fluoroscopy), room and care, and pharmacy services. Indirect costs (i.e., hospital administrative and facilities overhead, health information management, accounting and billing, and housekeeping) were excluded. Surgeon fees, the costs for a skilled nursing facility, and acute rehabilitation were not included in the direct cost data. Anesthesia fees were considered as a component of the operating room costs. The secondary outcomes of interest were the 90-day readmission rate and cost associated with hospitalization. The 90-day readmission rate concentrates only on the complications related to spinal tumor surgery.
The demographic data and clinical variables, including tumor type and perioperative outcomes, were retrospectively collected through detailed review of the medical records. The collected demographic and clinical variables included age (stratified as younger than 45 years, 45-65 years, and older than 65 years), sex, presence of preoperative neurological deficit, preoperative ability to ambulate, and presence of various comorbidities (psychiatric disease, thyroid disease, pulmonary disease, vascular disease, hyperlipidemia, diabetes mellitus, liver disease, kidney disease, stroke, and heart disease). The ability to ambulate was defined as upright walking with or without a walking aid, but without help from an individual. The use of preoperative, perioperative, and/or postoperative radiation therapy was recorded. The postoperative radiotherapies of interest were treatments administered within the 90-day readmission period. The tumor characteristics of interest included tumor type (primary or metastasis) and spinal region (cervical, thoracic, lumbar, or sacral). Data regarding extraspinal tumor burden and metastasis were recorded and categorized by the number of metastasis sites: 0, 1, 2, and 3 or more. Perioperative parameters included type of procedure (corpectomy), number of levels instrumented, presence of perioperative complications, and length of hospitalization (in days). A perioperative complication was defined as any unforeseen event requiring additional medical or surgical care within the perioperative period.
Statistical analysis
Descriptive statistical methods were used to define the mean direct cost and 90-day readmission rate. Bivariate analyses were used to test the associations of the covariates with the direct costs and readmission rates. Analysis of variance was used for continuous outcome variables (direct cost), and chi-square analysis was used for categorical outcomes (readmission rate). To identify independent factors associated with the outcomes of interest, multivariate analytical methods were employed. Multivariate analysis of covariance was used for continuous outcomes (direct cost), and logistic regression analysis was used for categorical outcomes (readmission rate). Covariates with a p value < 0.20 were included in the final multivariate models. The threshold for statistical significance for this study was a p value less than 0.05. All statistical analyses were performed using SAS (version 9.3 SAS Institute).
results
Of the 222 patients initially identified, 181 patients met the a priori inclusion criteria and had sufficient data for the final analysis. The mean age was 55.0 years, and 52.5% of patients were male. Of the 181 patients, 63 patients (34.8%) had primary spinal tumors and 118 patients (65.2%) had metastatic spinal tumors. The types of primary tumors encountered in this cohort were chordomas, chondrosarcomas, giant cell tumors, nerve sheath tumors, schwannomas, neurofibromas, and hemangiomas. In patients with metastatic tumors, the tumor types encountered were testicular cancer, lung cancer, endometrial cancer, prostate cancer, breast cancer, renal cell carcinoma, cervical cancer, colon cancer, squamous cell carcinoma from the skin, melanoma, transitional cell bladder cancer, multiple myeloma, lymphoma, leiomyosarcoma, cholangiocarcinoma, and pancreatic adenocarcinoma. The tumors were most commonly located in the thoracic spine (47.0% of cases), and 35.9% of patients had extraspinal sites of metastasis. With regard to function, preoperative neurological deficits were present in 56.9% of patients, and 81.2% were able to ambulate. Of 181 patients, 67.4% underwent corpectomy and 70.1% underwent instrumented fusion. The perioperative complication rate was 21.0%.
The overall mean index hospital cost for the surgical management of spinal tumors was $52,083 (Table 1 ). There were no significant differences in the costs between patients who underwent surgery for a primary or metastatic spinal tumor ($55,801 vs $50,098, respectively; p = 0.426). Of the 181 patients, 40 (22.1%) patients underwent radiation therapy: 32 preoperatively, 5 intraoperatively, and 3 postoperatively. The hospital costs were similar between patients who underwent radiotherapy and patients without radiation exposure ($52,200 vs $51,671; p = 0.949). There were no significant differences in the direct hospital costs among patients, regardless of the presence or number of extraspinal metastasis. As shown in Table 1 , the factors significantly associated with higher costs in the univariate analysis were the inability to ambulate (p = 0.027), presence of vascular disease (p = 0.037), procedures requiring corpectomy (p < 0.001), more extensive instrumentation (p < 0.001), combined anterior-posterior approach (p < 0.001), presence of perioperative complication (p < 0.001), and longer length of stay (p < 0.001). Table 2 shows the result of the multivariate analysis of the factors associated with the cost of surgical management for spinal tumors. Tumor type was not an independent factor associated with hospital cost (p = 0.268). Rather, several other clinical and perioperative variables were independently associated with hospital cost. The preoperative factors independently associated with direct cost can be seen in Table 2 and Fig. 1 . Male sex was independently associated with higher cost compared with female sex ($56,717 vs $46,965, respectively; p = 0.032) (Fig. 1A) . The ability to ambulate preoperatively was an independent factor associated with cost (p = 0.002); ambulatory patients had a significantly lower cost ($48,483) than nonambulatory patients ($67,651) (Fig. 1B) . With regard to comorbidities, having more than 3 medical comorbidities was independently associated with higher cost (p = 0.037): no comorbidities, $50,670; 1 to 3 comorbidities, $51,152; and more than 3 comorbidities, $68,051 (Fig. 1C) . The surgical factors that were independently associated with cost can be seen in Table 2 and Fig. 2 . Performing a corpectomy (p < 0.001), undergoing instrumentation involving more than 7 levels (relative to no fusion) (p < 0.001), and approaching the spine through a combined anterior-posterior approach (p < 0.001) were all independently associated with higher cost. Patients who underwent corpectomy had a mean cost of $63,483 compared with $28,509 in patients who did not undergo corpectomy ( Fig. 2A) . Instrumentation of more than 7 levels had a mean cost of $81,818; this was significantly higher than both instrumentation of 1 to 7 levels ($59,893) and no instrumentation ($22,753) (Fig. 2B) . A combined anteriorposterior approach was associated with a cost of $82,214; this is approximately double the cost of a single approach ($40,898) (Fig. 2C) .
The postoperative factors independently associated with hospital cost are shown in Table 2 and Fig. 3 . Patients who experienced a complication had approximately double the cost of patients without complications ($86,609 vs $42,909, respectively; p < 0.001) (Fig. 3 left) . A length of stay greater than 5 days was independently associated with higher cost compared with 5 to 10 days (p = 0.011), 11 to 15 days (p = 0.064), and longer than 15 days (p < 0.001). (Fig. 3 right) . Overall, the 90-day readmission rate for the cohort was 11.6% (Table 3 ). The mean hospital cost for the 90-day readmission was $20,078. There was no significant difference in the readmission rates between patients who had primary tumors (11.1%) compared with patients who had metastatic tumors (11.9%) (p = 0.880). Radiation therapy also was not significantly associated with the 90-day readmission rate: 15.0% of patients who underwent radiation treatment were readmitted, and 10.6% of readmitted patients did not undergo radiation therapy (p = 0.447). The presence or number of extraspinal metastases was not significantly associated with the 90-day readmission rate. The only variable that was significantly associated with a higher readmission rate in the univariate analysis was the presence of vascular disease (p = 0.024). Table 4 shows the results of the multivariate analysis of the independent risk factors associated with 90-day readmission. Two factors were independently associated with readmission: diagnosis of lung metastasis (Table 4 and Fig.  4 upper) and index hospitalization length of stay (Table 4 and Fig. 4 lower) . A diagnosis of lung metastasis was associated with an increase in the odds of 90-day readmission relative to a diagnosis of breast cancer (odds ratio 52.99; 95% confidence interval 2.96-948.39; p = 0.007). Relative to a length of stay shorter than 5 days, patients who stayed in the hospital for longer than 15 days during the initial admission had 6.62 higher odds of being readmitted within 90 days (95% confidence interval 1.30-33.74; p = 0.016). The readmission rates stratified by prior length of stay are as follows: shorter than 5 days (2.8%), 5 to 10 days (12.0%), 11 to 15 days (12.5%), and longer than 15 days (20.0%). The reasons for readmissions are included in Table 5 .
Discussion
This study utilizes a single institutional cohort to review the direct cost of hospitalization for spinal tumor surgery. Overall, the mean cost of admission for surgery was $52,083, and there were no differences in costs when operating on primary or metastatic spinal tumors. Rather, the findings of this study suggest that there are various preoperative, surgical, and postoperative factors that have the potential to influence and alter hospital cost. The 90-day readmission rate in this cohort was 11.6%, and there was no difference in this rate following the treatment of primary or metastatic spinal tumors. With further understanding of the factors associated with cost of surgery and readmission for spinal tumor surgery, improvements can be made to enhance future cost effectiveness.
There are only a few studies in the literature that have concentrated on the cost associated with the surgical management of spinal tumors. Among those articles, hospitalization costs range widely secondary to the variability in the procedures performed, pathologies treated, and geographic location (such as different countries). 9, 12, 34, 41, 44 None of the available studies evaluate and compare the cost of both primary and metastatic spinal tumors. There are several articles that have examined the health care utilization and cost associated with the management of general bony metastasis and its associated "skeletal events," with some providing a subanalysis of spinal column metastasis. 8, 13, 14, 17 These studies contain a heterogeneous cohort of patients, but offer a valuable sense of the expense associated with the management of bony metastasis. The average cost of treating a skeletal event secondary to metastasis is reported to range from $10,000 to $12,000. 14, 22 This seems to be a relatively low cost; however, the reported means include both medical and surgical management modalities (with surgery making up a very small proportion of cases). Therefore, the extrapolation of the actual cost of surgery among these studies is difficult and limited. The cost is as high as $90,000 in studies that stratify the cost of inpatient surgery for pathological bony fractures, 17 and the cost of inpatient surgical treatment of spinal cord compression from spinal metastasis ranges from $43,691 to $59,854. 8 This is similar to the present study, for which the treatment of spinal metastasis was $50,098.
In more homogeneous cohorts of patients who were surgically treated for spinal metastasis, the associated direct cost can be better evaluated. Chew et al. performed a prospective analysis of the cost associated with percutaneous vertebroplasty for the treatment of spinal metastasis in 11 patients. 12 The overall cost (including consumables, capital equipment, hotel, clinic, and staffing costs) per patient was £2213. With a US dollar conversion rate of 1.5 times, this cost would be equivalent to $3319. Relative to the cost of surgical management, vertebroplasty is extremely low cost and seemingly sustainable. However, the indications for vertebroplasty differ from those for the surgical management of spinal tumors, and thus the costs are not comparable. In a European prospective study by Turner et al., 74 patients with symptomatic spinal metastasis were enrolled in a study to evaluate the hospital cost of surgery. 41 Among those patients, the average cost was £16,885 (equivalent to $25,327); this is half the cost of what was observed in our cohort. Still, it remains difficult to compare the present study with the study by Turner et al. because of the intrinsic differences in the health care expenditure and reimbursement policies between the US and Europe. However, understanding and identifying differences between each health care system may aid in the identification of the key factors that influence spinal tumor surgery cost effectiveness.
In this study, the mean cost of surgery for primary spinal tumors was $52,083. The cost reported in our study is lower than that reported by prior studies, with costs ranging from $61,157 to $250,160.
9,34 Sharma et al. performed a retrospective review of hospitalization cost on 15,545 admissions for spinal cord tumor surgery included in the US Nationwide Inpatient Sample database. 34 Overall, between 2003 and 2007, the average cost of surgery was $61,157. Interestingly, the cost in 2003 ($45,452) was significantly lower than in 2007 ($76,698). These costs differ from those of extradural primary bony spinal tumor (chordoma and osteosarcoma) surgery. Brown et al. reported a mean total hospital cost ranging from $161,028 to $250,160 for 25 patients with sacral tumors who underwent sacrectomy. 9 The cost of operating on sacral tumors in our study was much lower at $65,581, though only a few patients underwent sacrectomy. There is an ongoing need for studies to evaluate the hospital cost associated with primary tumors of the cervical, thoracic, and lumbar spine.
It is clear that the costs of surgery for spinal tumors range widely and depend on a variety of factors. Identifying the factors that are modifiable is critical for decreasing the cost of spinal tumor surgery. Preoperative baseline clinical variables and tumor characteristics are factors that are typically not amendable to modification. In this study, male sex was independently associated with higher cost (an additional $9752 or 1.2 times). A similar finding was also seen in a separate study on the surgical management of spinal metastasis. 41 It is unclear why male sex is associated with a higher hospital cost, but it has been suggested that sex-specific cancers command different costs. Other identified factors independently associated with higher cost were the inability to ambulate (an additional $19,168 or 1.4 times) and greater than 3 comorbidities (an additional $16,899-$17,381 or 1.3 times). It is evident that functional status and overall healthiness are variables that influence hospital-related costs. However, there are conflicting data about the relationship between patient comorbidity and hospital cost. Similar to our study, Sharma et al. demonstrated that patients with more comorbidities tend to accumulate higher hospital charges when undergoing surgery for spinal metastasis. 34 The rationale is that patients with more medical issues tend to require additional medical care, procedures, and specialty consultations. On the other hand, Turner et al. showed that the EQ-5D and American Society of Anesthesia scores were inversely associated with cost for patients who underwent surgery for spinal cord tumors (i.e., sicker patients had lower hospital cost). 41 In addition, their study showed that the Frankel grade was inversely associated with cost as well. Their explanation of their findings was that healthier and more functional patients underwent more aggressive and complex surgeries. However, information on the specific surgical procedures performed is not available from a large national reimbursement-driven database, and their hypothesis cannot be confirmed. The operative variables independently associated with higher hospital costs included surgeries that involved corpectomy (an additional $34,975 or 2.2 times), instrumentation greater than 7 levels (an additional $21,926-$59,066 or 2.6-3.6 times), and utilizing a combined anterior-posterior approach ($41,316 or 2.0 times). These individual variables are likely surrogates and indicators for more complex cases that require a longer operative time, greater blood loss (thereby requiring blood transfusions), and longer hospital recovery, which are also factors that contribute to cost. With combined anterior-posterior approaches to the thoracic and lumbar spine, thoracic surgery and general surgery are often consulted for exposure, leading to additional costs. These findings demonstrate that the surgical management of spinal tumors that require large tumor resections and complex spinal reconstructions are associated with higher costs. Technically, these operative factors are modifiable, but the specific surgical procedure is dictated by the patient's clinical presentation, disease process, and goals. Understanding how to perform these complex cases in a safe and cost-efficient manner is key to lowering the overall associated hospital cost. For example, Brown et al. demonstrated that by staging complex tumor resections, specifically during sacrectomy, the cost decreased by a mean of $89,132 per patient. 9 In their study, the decreased costs were associated with decreases in length of stay in the intensive care unit, length of ventilator use, number of transfusions, and utilization of advanced pharmacy services.
The complications and length of stay have been robustly shown to be associated with an increase in hospitalization cost across many subspecialties of medicine 35, 36, 42 and in the surgical management of spinal tumors. 34, 41 Our study further supports these findings. Preventing complications and promoting faster postoperative recovery is paramount to decreasing the cost of hospitalization.
Another important consideration in evaluating the longer term cost effectiveness of surgery for spinal tumors is to understand the events that occur after discharge, particularly unforeseen readmission to the hospital. Hospital readmission is emerging as a quality indicator, and perhaps more importantly has a significant negative impact on patient satisfaction. 40 The reported 90-day readmission rate following various types of spine surgery (degenerative cervical spine to scoliosis deformity correction) ranges from 1.0% to 12.3%. 4, 5, 32 The 90-day readmission rate in our study falls into the higher range of the reported rates (11.6%), with average hospital readmission costs totaling $20,078. This cost is significant, especially when taking into account the number of patients who undergo spine tumor surgery. If approximately 1 in 10 patients are readmitted with an average admission cost of approximately $20,000, every 100 patients treated will result in an additional cost of $200,000 from readmission. Therefore, understanding the risk factors for readmission is vital to preventing future readmission-associated costs. The most common reason for readmission was wound infection (57.1% of the 21 readmissions), and of these infections 75.0% required surgical washout. Other authors have also reported that surgical site infections and wound complications were the most common reasons for readmission, making up to 46% to 72% of all readmissions during the 90-day discharge period. 5, 32 In our study, the diagnosis of lung cancer and hospital stay longer than 15 days during the index hospitalization were independently associated with 90-day readmission, which is consistent with prior studies as well. 6 Other previously identified risk factors for readmission following spine surgery include malignancy, longer operative time, longer constructs, higher patient severity of illness, and surgical complications. 6, 32 Over the 1-year postoperative period, the most common cause for readmission after spinal tumor surgery is tumor recurrence (33% of readmissions). 33 Specifically, aggressive metastatic spinal tumors (lung, osteosarcoma, stomach, bladder, esophagus, and pancreas) and the presence of medical comorbidities increased the risk for readmission. 33 Attention to the negative findings from a study are also valuable in understanding the factors associated with direct cost. There are often various clinical and patient factors that would be expected to have an impact on direct hospital cost, but this really needs verification. Based on this study, it is surprising that pathological diagnosis, age, history of radiation therapy, and presence of extraspinal metastasis did not have significant associations with direct hospital cost. In addition, none of these factors, except pathological diagnosis, influenced the 90-day readmission rate. These findings may indicate that such outcomes are not dictated strictly on the presence of certain preoperative clinical demographics, but rather how these factors are managed medically and surgically.
Traditionally, it is understood that patients with metastatic cancers would be at greater risk of complications, higher cost, and more frequent readmissions. However, this study suggests the opposite: similar costs and readmission outcomes were observed between patients with metastatic and primary spinal tumors. These findings may be explained by careful patient selection among those with metastatic tumors. All patients with metastasis underwent comprehensive evaluation by an oncology team prior to surgery to determine disease burden and prognosis. Only patients with favorable life expectancy (greater than 3 months) were offered surgery. These patients most likely also had favorable Karnofsky Performance Scale scores and, thus, were able to tolerate resection well. On the contrary, if all patients with metastatic spinal tumors (regardless of cancer burden and health status) were offered surgery, worse outcome and higher associated cost may be observed.
Radiation has been understood to be a major risk factor for wound breakdown, dehiscence, and poor healing. However, we did not observe significant differences in the hospital costs and 90-day readmission rates between patients who underwent radiation therapy and patients without radiation treatment. This may be explained by the evolution of how radiation is delivered to spinal tumors. Over the past several years, there has been a transition to the use of stereotactic radiosurgery via high-dose, hypofractionated, image-guided radiation therapy, rather than conventional fractional radiotherapy. 20 A recent published study by Harel et al. concluded that modern-day adjuvant stereotactic radiosurgery (single fraction) to the spine following surgery for metastasis allows high local control rates, but at the same time delivers less radiation to the wound. 18 Additional contemporary studies are needed to further evaluate this topic.
There are several limitations to the present study related to its single-center and retrospective design. Hospital cost is associated with a multitude of variables, many of which are not reliably accounted for with a retrospective study. This generates undetected confounders that were not adjusted for in the multivariate analysis. A prospective study that is designed to record all hospitalization costs and activities may aid in elucidating additional factors associated with surgical cost. As a single-center study, this investigation may lack generalizability of the present findings because costs typically vary by location, institution, and geography, which are composed of different local health care microclimates. Despite these limitations, the data provided in this study offer new insights into the cost associated with surgery for spinal tumors. Additional studies are needed to examine the long-term functional outcomes and assess the cost effectiveness of surgery for spinal tumors, such as that undertaken by Tipsmark et al., who analyzed the total health care cost of 629 patients who underwent spinal metastasis treatment from the initiation of treatment (i.e., index hospitalization) until death.
conclusions
The overall mean hospital cost associated with the surgical management of spinal tumors was $52,083, and there is no difference in the mean cost between treating primary and metastatic spinal tumors. The factors affecting cost can be stratified based on nonmodifiable and modifiable factors. The identified independent risk factors for high cost include male sex, nonambulatory status, more than 3 comorbidities, corpectomy, more than 7 levels of instrumentation, combined anterior-posterior approach, presence of perioperative complications, and longer lengths of stay. Many of these factors are surrogates for worse disease that warrant more complex surgical interventions. The overall readmission rate was 11.6%, which is similar to the readmission rates following complex spine surgery. Additional studies that look at long-term outcome and cost effectiveness should be undertaken, as they may add to the understanding of the costs associated with the surgical management of spinal tumors. 
